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reactor. ] 

i 1 


I ' r 

i 

i . 

I 


t 


ABSTRACT 


The goal of this program is to further develop the new 
technology, which renders ai'amid fibrous structures flame resistant through 
chemical modification. This project has scaled up the new flame resistant 
treatment frbiii laboratory fabric swatches of a few inches to efficiently 
producing ten yards of commercial widtli (41 inches) aromatic polyamide. 

The radiation intensity problem of the previous processor was resolved. 
Further improvement of the processor cooling system has been recommended 
for two reasons: 

(1) To advance current technology of flame-proofing Nomex 
fabric to higher oxygen-enriched atmospheres. 

(2) To adapt the processor for direct applicability to 
low cost coiimiercial fabrics. 

The first significant accomplishment was meeting the program 
goal in treating ten yards of Nomex fabric with flame-proofing properties 
in an oxygen-enriched environment without sacrificing color or pliysical 
properties; while the untreated Nomex burned in this environment. 

The second significant accomplishment was the nature of 
the treated products, which were irreversibly modified with fluorocarbon 
grafts, became water-repellent, soft, silk)' and improved in flame and 
chemical resistances. The ti'eated fabric was also tested by the Department 
of Dermatology, Bayloi' College of Medicine, and found to be non-irritant 
a?id non-all ergenic. 

The third significant accomplishment was to identify the 
broad applicability of this technology. It was found potentially 
feasible to surface-graft almost all textiles at varied exposure 
times and temperatures. Unlike most textile processes, this grafting 
processor opei'ates under dry conditions and no chemical by-products 
have to be washed out of the finished products. 
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1.0 


INTRODUCTION 


The now name resistant treatment developed for Nomex fabric 
in Phases I and II of previous Contract NAS9-14827 requires iiitprovemont. 

The technology of the previous processor^ was limited by the intensity of 
its ultraviolet lamp (122 cm in length and 20 mm od), which had an output 
of 50 watts at approximately 1 watt per inch. This ultraviolet source was 
too weak in developing into an efficient process. In other words, the 
fabric rolling rate would be too slow to be a practical Industrial process. 

This project has scaled up the new flame resistant treatment 
from small laboratory fabric swatches of a few inches to efficiently producing 
ten yards of coiunercial width (41 inches) Nomex fabric in meeting the flame- 
proofing goal in an oxygen-enriched environment without the sacrifice of 
color or physical properties. Such fibrous products have applications in 
space and deep-sea vehicles, where such environments are encountered. 

This program is based on our invention to impart fluorocarbon 
grafts onto the surface of Nomex fabric. Organic fibrous products, which 
possess highly aromatic backbone, are known to exhibit outstanding flame 
resistance. An aromatic polyamide, poly(m-phenyleneisophthalamide), sold 
by du Pont under the trndemai'k Nomex; 



is self-extinguishing in air, but burns in atmospheres with high percentage 
of oxygen (e.g., 27/73 Oj/Na at 10 psia). 


Previous work on choiuicnl titotlifi cot loti of Notiiox fnbi'ic 
by phospliorylation'^ and halogenation'’ have shown improved flame rasistaiit 
property. However tliese treatments resulted in gold-to-brown-tQ-black 
fibrous products and e.xhibited degradation of the aromatic polyamide. 


This new surface grafting technique introduces a chemically 
bonded surface, which irreversibly modifies the Nomex fabric with fluorocarbon 
grafts, upgrades the flame resistance properties in an oxi'gon-enrichod 
environment and also enhances chemical resistance (e.g, acid). See Appendix A. 
The treated fabric became water-repellent, soft and silky. In addition, 
it had passed the skin patch test with guinea pigs and human volunteers as 
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non-irritant and non-allergenic. 
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2.0 RESUIJS AND DISCUSSION 

For the past year, a new ultraviolet lamp of the same 
previous diraension, but with a 200-fold increase in output (-9750 watts) 
was installed in the processor. Several modifications were necessary to 
accommodate .the heat generated by the new lamp. A cooling jacket with 
circulating coolant around the new lamp and a new vacuum seal became 
essential requirements. 

2.1 The Processor 


Figure 1 shows the conceptual design of the processor. 

For vacuum sealing and insulating the outer quartz tube, aluminum' seals 
with Vi ton 0-rings were used. The new ultraviolet lamp (122 cm in length 
and 20 mm od) with an output about 9750 watts was purchased from Illumination 
Industries (Sunnyvale, CA). The temperature parameters of the new lamp 
are as follows; 


Base 300^C Max. 

Necked down portion of lamp 350^C ± 50°C. 
Body 700°C ± 100°C. 

Note: Over Heating = Quartz Failure 

Over Cooling = Internal Lamp Failure 


350°C ± 50°C 


-body length 
700° C + 100°C 







A now power supply was purchased from Hanovia for the new mercury lamp. 
The data for the power supply are: 



Main Power 

Control Power Output 

Volts 

220 t 10% 

n[20 

Amperes 

56 


Hertz 

60 

60 60 

Phase 

single 


Volt-amps 

12320 


Secondary Open Circuit V 


o I960 to 2160 

Secondary Short Circuit I 

o 

10.5 


Figure 2 shows the relative spectral radiance of the new 
ultraviolet lamp between 220 to 580 nm. For an optimum processing condition, 
an Ideal filtering solution for this lamp is required in reducing the heat 
generated in the processor. It should be a liquid circulating in the quartz 
cooling jacket around the lamp and should absorb the total infrared and ^ 
visible range with transparency (<300 nm) in the ultraviolet region. The 
■^spectral radiance of the ultraviolet lamp in the effective ultraviolet 
region should be determined by an ultraviolet spectrophotemeter. The 
present Blak-Ray Model J-225 (Ultraviolet Products, San Gabriel, CA) for 
crudely measuring between 230 to 270 nm is inadequate. 

Figure 3 shows the cross section of the ultraviolet portion 
of the processor. The long strip of Sauereisen No. 33 coat (Saueroisen 
Cement Co., Pittsburgh, PA), was painted on the opposite -side of the 
quartz tube, where tire fabric was not in direct contact leaving an unshielded 
area: The Sauereisen coat shielded the light through that area. Otherwise, 

the shining light may possibly cause some cyclization and polymerization 
of the monomers in the processor. , Sauereisen is a porcelain-like coating 
coimonly used as an electrical insulator. It adheres to quartz, withstands o 
high temperature (to 20Q0°F) and functions superbly for the purpose. 








103.6 mm od 
wait) 


—Outer quartz tube 



{--Quartz water- 
{ cooled Jacket 


•Inner quartz tube 
(Nitrogen Flow Baffle) 

•Ultraviolet lamp 


Nitrogen flows 


figure 3 Cross Section of Ultraviolet Source Portion of The Processor 


Piguro 4 shows the engineering drawings of the two views 
of the processor, figure 0 sliows the actual processor. The aluminum 
Vessel chamber, spool, roller and support rod were salvaged from the 
previous processar, while the end covers, their bushing carriers and the 
other parts a^xs new. 

Figure G shows the schematic diagram of the cooling system. 

In order to increase the cooling capacity of the circulating water, wiiich 
passed through the quartz jacket around the ultraviolet lamp, aqueous 
solutions of iodine, copper sulfate, nickel sulfate, acetic acid, cobalt 
sulfate and some combinations thereof were screened at concentrations 
between 2.5 g to <10 g in SO gallons of water in the filter tank (Figure 6). 
Although the cooling capacity had increased in maintaining the desirable 
temperature range about 150 to 200°C for a few hours, the efficiency of the 
process was doen^nsod due to the ultravioVt absorption property of the 
aqueous sol'ifiWia* 

We found that Freon TF (l.e., Freon 113 or trichloi'o- 
trifluoroethane) functioned as a better coolant than water and the aqueous 
solutions* Freon TF is commonly used as an industrial cleaning solvent, it 
is nonflanuiable, nono.xplosivc, exceptionally pure (i.o., 99. 8^ trichlore- 
trifUioroethane with not iiwt'o than 0.2*£ of other stable ch1o)‘ofluorocarbons) , 
? >iv in to.xicity and commercially available in huge (ton) quantities. Its 
property of being transparent in the ultraviolet region and absorbing in 
tim infrared serve the purpose of lowering the outer quartz tube temperature 
without decreasing the efficiency of the process. 

By converting the current water-cooling system to Freon TF, 
we made some modifications to the present cooling system such as replacing 
all rubber and Tygon tubings, cleaning the copper cooling coil and changing 
the circulating pump to a magnetic drive pump. These changes reduced tlia 
buildup contaminants, wh.ich are due to the unique cleaning property of 
Freon TF solvent, to cause deposites in the quartz cooling jacket allowing 
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<105‘. ultrovio'let transmission. Even with this poor transmission lovely 
the treated Nomex fabric has achieved seVf-extiiiguishlno properties In 
a higher oxygen level atmosphere (l.e., 31/69 Oj./Na at 10 psia)® except 
with slight coloration. Freon t.F 1s n better coolant than water. 

A now cooling system composed of Teflon FEP tubings and 
flex tubings Is rccomiaended for replacing the present copper cooling coll. 

The optimixatlon of the Freon TF cooling process Is warranted, since it 
is an important step for significant technology advancement. It will not 
only further improve the self-extinguishing property of treated Nomex 
to withstand higher oxygen level atmospheres causing almost no coloration 
of the treated Nomex, but also adapt the processor to surface treat 
commercial low cost fabrics. 

2 . 8 FI uorqc arhon-gra f t1 no Processes 

Several batch-continuous processes have been developed to 
Impart f 1 uorocat'bon grafts for commercial aromatic polyamide. Tho natural 
color woven fabric (HT- 10-11) was purchased from Stern and Stern Textiles 
(lloriion, NY), This Nomex fibrous structure Is self-extinguishing In air, 
but not In an oxi'gen-enri died environment (o.g. 27/73 Oj/Na at 10 psia). 

The primary technology consists of a one-step photografting 
process by o.xposlng the textile surface to a gaseous mixture of fluorooleflns 
In a nitrogen atmosphere. The fluoroolefin mixtures ranged from neat 
biximotrifUioroethylene to equal ratio of bromotrifluoroethylene to tetra- 
fluoroethylone in the presence of 90 to 95|i; nitrogen had achieved the 
flame-proofing goal by the vertical flame test In nn oxygen-enriched 
environment (i.e. 31/69 Qa/N?. at 10 psia). 

The drawbacks of using neat bromotrifluoroetliylene with 
nitrogen 1s the coloration of the treated fabric and the interaction wUh 
T:ne stainless steel parts. The addition of a few percentage of tetrafluoro- 
ethylene In the gaseous mixture decreased the treated fabric coloration to 
almost nil and stopped any visible Interaction with the stainless steel 
parts inside the processor. 
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2.3 


Production Item 


Although Freon TF is a better coolant than water, the 
replacement of a new cooling system, which totally eliminates deposits 
inside the quartz cooling jacket, is beyond our means under the current 
program effort. For this program we used water coolant to treat the ten 
yards of commercial width Nomex fabric.- 

The selected photografting process constituted a gaseous 
mixture of the following composition: 

IX tetraf 1 uoroethyl ene 
4% bromotrifl uoroethyl ene 
95X nitrogen 

An exposure time of almost 3 to 4 hours was'used for treating the 10 yards of 
commercial width (41 inches) Nomex fabric (Sample SAI 546-60), which was 
delivered to NASA-JSC-EC as partial fulfillment of the work under Contract 
NAS9-14827. The treated Nomex fabric did not burn in an oxygen-enriched 
atmosphere (27.1/72.9 O 2 /N 2 at 10 psia), while the untreated Nomex (HT-10-41) 
burned. 

2.4 Technology Transfer to Low Cost Commercial Fabrics 

The objective of this phase is to apply the present flame 
resistant treatment of Nomex fabric to other types of low cost commercial 
fabrics. The ease of fluorocarbon grafting to other fabrics (e.g., polyester 
and polyimide) screened by this method suggests that the process has broad 
applications. It is a feasible universal treatment process for possibly 
almost all textiles at varied treatment exposure times and temperatures. 

2.4.1 Background 

Fluorocarbon textile finishes had been reported in the 
9 10 

literature by several ways. ’ One common approach is to use a fluorocarbon 


coiiipoum) with i\ functlonul group that will be eithor iulso>*bod strongly to 
the surfaco or uiuiergo a chemical ronctiou with the fiber surfaces. One 
example of this type of bonding is the chromium complex of various acids 
containing long chain fluorocarbon groups. 


CI'j(CFa) 



If this reaction occurs on the surfaco of a fibei' such as nylon, the chromium 

will complex with amino groups, thus anchoiMng the fluorocarbon tail to 

the fiber surface. Unfortunately such "complex** linkages will not withstand 

1112 

normal laundering or dry cleaning processes, ’ 

Laboratory treatments of cotton fabric with perfluoroheptcne-l 
or perfluorobutadione in acpieous KOtl and NaOll were claimed to form fluorocarbon 

1*5 

grafts to cellulose. Application of fluorocarbon finishes to wool by 
plasma polymerixation were also reported.^'^’^^ 

R.'1.2 Polyester fabric 

The textile industry has tried many finishes to improve 
the surface property of polyester, but its smooth and chemically passive 
nature makes it extremely difficult to retain any finish on the surface. 

Some soil -release scliome has been developed for polyesteiVcotton blends by 
an electric discharge metlmd,^** but a noticeable stiffening of the "hand” 
of the material was noted. 

When this new surface treatment process developed for 
aromatic polyamide (Appendix A) was applied to polyester and polyimide 
fabrics, the ease of fluorocarbon grafting was noted. 
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Photoadditioa of Fluoroolofiiis on Aromatic Polyamide 

M AD13UNR S, TOY mid R0G12R S. STIUNGHAM, Sdmcti Applications, 
Inc,, Sunnyuala, California 9-lOSl}, midj 
RUEDERIC S. DAWN, National AcTOfio»0’c.f and Space AdniwiJ.straOon, 
Lyndon U. Johnson Space Center, Houston, 7V,i:ns 7705S 


SynopHis 

A pholmiriiflliig motliwl liiui been tloveloiKul lo iwrfnco tr«nl nromiiUc iwlymuido fiibrtcii In th« 
prvDtnicd of lluorw1i>nii Vnpora. Thu nuw fabrics «ro tiiotti fliimB rcaUtmvl In oxy|{<m*f 1 irIcbe(l on- 
vlroiimuul tlinn unUcittcii couuuurclal nriimld falirtes. Tho pbotoiulditlan reaction of hnloolorins 
Ima Itcon alinwn tu Irruvurstbly mwtify Uu> fnbrtra, wbicli wero by water wottabillly, »cmmln)t 

cluctron mterwteopy, x-ray imalyats, niul *®F nuclear lunKitoltc reaoimnco spectroscopy. 


INTRODUCTION 

Thu obJucUvti pi' this work is to diomictiUy modify commorcinl nromntic 
polyamide for provkling namo-rosishmt fibrous matorinls in an oxynun-onrichud 
oiviromnmit. Such fibrous products aro aimed for applications in siincu and 
doop-aoa vohiclcs. Oruanic fibrous jiroducts, which possess hiulily aromatic 
backbone, are known to exhibit uulstmulini; fiamo resislanco.* Nomox, vvlu'ch 
is a hit'h-tompuraluro aromatic polynmido manufactured by du Pont, is .solf- 
oxtini'uishin}; in air but burns in atmospheres with an elevated partial pressure 
of oxytjen (c.j;., fll/Gi) Oa/N-* at 10 psia). 

Prior work with Nomex fabric shows that improvLunent of flamu resistance 
is feasible through chemical modification as phosphorylation- and halogonation.s 
However, such treatments strongly color the fibrous products and also degrade 
the aromatic polyamide. 

This paper ilescribos a photoaddition reaction of fluoroolofins to modify nr- 
omntic polyamide without the apparent change of physical properties and ap- 
pearance of the fibrous nmtorinl. 

EXPERIMENTAL 

Materials 

Aromatic polyamide (Nomox MT-tO-41, woven fabric, natural color) was 
purchased from Stern and Stern 'I'ostilcs; tolranuoroolliylene and bromotri- 
fluoroothylene wore obtained from PGR; and nitrogen (9i).99n%), special gas 
mixture of 31% oxygon and G9% nitrogen, and fluorotrichloromethaneware ob- 
tainerl from Matheson Gas. 'I'ho fabric and reagents wore used ns received, The 
vapors of fluoroolofins were checked by infrared analysis. 

2r»83 
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Kin 1. Krat'IUMi (■) an itp«n«dc)liiMlrical Hyrvi rvarUir with iHl*«rm«k>W > j|v» for at- 

UthmvnI lo lh» manifold (Ui llw Uftl and quartx tUat-a (to thr rifht); (b) a rboad ramtion va«*> I 
• ilh tha fabnr mininlad arnund lha irnlarad quart* tuba. 


AppHTHlUa 

A roppvr vaiuuin inaiiifoUl wua uard for troruferrin): fluoriHiIrnn vu(ton from 
Iht* HlornKC cylinder to a piece of fiiliric a(iecimen hatiKing in a reaction veMiel (Fi((. 
1 ). The cylindrical I’yft'x reaction veaHe! conaiats of a centered quart/, aleeve 
for receivinK a 11-in I'en Kay mercury-arc li<mp (Ultraviolet I'roductai. I’rea- 
burea were meaaured with a Heiae i;auKe, and the reaction temi>erature waa 
maintainetl hy heating tape or infrarerl lampa. 

Figure 2 ahowa the ''•ainmability teat apparatiU. The ignitor (Type H, (Men- 
weld PrtKlucta) waa held in ptmition by a coiled Nichrome ignition wire (1 ohm/ 
in.). The sample (2.5 X 5 in ) was mounted vertically Itetween the atainlewi steel 
sample holders, leaving 2 X & in. of ex|Miaed surface. The vertical flame test^ 
uses a mixture of 31% oxygen and 69% nitrt>gen at 10 paia. 


Analytical Instruments and Sample Preparations 

For IK transmission analysis, a strip of fabric was ground into 40 mesh, mixed 
with KBr, and presseri into a |>eliet. A fabric sample fur attemiattnl total re- 
flectance ( ATK) IK used a Wilkes douhle-l)eam ATK nttui hment at a 45* angle 
of incidence in direct contart with a KKS-5 reflector plate (52.5 X 20 X 2 nun). 
Both IK transmission and A'I’K spectra were recorded on a Perkin-F.lme r Model 
467 sjatetrometer. 



riioroADDiruiN on auommio l•ol.Y^^n^: 


ViK 'S I1mnm4l<ilil> lr*l OMnvInlluM* |il4lr. (V t t<rll wti (- tti ni, t** wmW*. O* 

k«ni|>Ur hoUIrr*. (‘>l «tirv iiih( innilt>r. (I*) %aiiium untl |C«* mirl. (7> »ii. uiim >)** tut'* 

|i> tak'uum, (t*t ^4* inirl. (lot (<' t«vuiim (Hiinp 


A riiml*rulj:c Mark IIA Sl»TtH*»ti«ii M'tinniiti: flcitroii inii'roiH-opr iSKMI 
(‘(|iiip|H>(i wi(h iin KI'A\ fH*5» ciipruy x ray prolt- was ft>r the 

lihototMu roKi^ophs atui » raN analysts Tho SKM labric samples were chilled 
and * lit in litpiid nilrucen f«»r a clearer end n -w at the interphase and were 
»id> sequent l> de|H»sil(sl with a thin layer of ttnid palladium An antistatic si> 
lution (Krnest K. Kullani, Inc ) w;is adde«l on the SKM fabric samples ri^ht Udore 
esaminalion for improved resolution of the photi>micro|cra(ihs. 

The **’KNMK spet’trum was measured by a Varian \l. llHlst*e»'tri>meler op- 
erating; at I MIU. A piive of 4 X t* in Id.l* frealitl N«*me» fabric was 
shretideil inti* individual fd>ers and dissolveii in I ml comvntrated sulfuric acid 
with added deiiteraled water for the internal Kvk. The viscous stdi.tion was 
IHiurt-il into a I2 mm O.IV NMU tube Kluorotrichloromethane was u>e»l as an 
rkternal standard. 


I’rocedure 

The fabric sample was nuHinliHl around the i*enteretl (|uart/ lul»e (at 0 to I cm 
from the surfaiid in the photo>;raftinj: reaction \essel IKij;. I(b>). The side arm 
was attached to the ivp|»er manifold and evaciialetl. A mea-'ured amount of 
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Cif.lr 100 M W 40 fO 0 

Cir. 0 M 40 M M 100 


NOIC PtRCCNT 

Fig 3. Kffxi of fluoruoltrin rompoution on fUmmabitily characUrrnlua of photogroftMl Numai 
fabric*: (O) salf-ratinguiahing; (•) burnad. 

gaseous fluoruulerina an neat or premixed nuoroolefins at npedfied ratio wan 
introduced alternately fur improved mixing with anh>droun nitrogen to a spec- 
ified prensure, temperature, and photolysis time. The amounts of volatile re- 
agents were determined by P-V-T measurements assuming ideal gas behav- 
ior. 

At the end of the irradiation time, the reaction vennel was evacuated and air 
was introduced. The photografted fabric sample was washed with fluorotri- 
chluromethane and dried under vacuum. 

RF:8ULTS and discussion 

The vertical flame test (Fig. 2) in a mixture of 31% oxygen and 69% nitrogen 
at 10 psia was used to show the difference of flammability characteristics of some 
photografted Nomex fabrics which were treated by varied fluoroolefin compo- 
sitions in the presence of nitn>gen. Figure 3 summarizes the results using one 
exposure to a medium-pressure mercury arc lamp (see under Apparatus). The 
phntoaddition reaction of fluorttolefins chemically modified the aromatic poly- 
amide surface and thus upgraded not only the flame resistant pru{>erties lait also 
acid resistance. 

An increase in light energy t.f the process shortens the fabric treatment time 
under photolysis, but high energy ultraviolet source darkens the Nomex fabric 
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A PHOTOPROCESS FOR FLUOROCARBON FINISHES OF TEXTILE mTERIALS 

MADELINE S. TOY, ROGER S. STRINGHAM and LAWRENCE C. FOGG, Science Applications. 
Incorporated, 1257 Tasman Drive, Sunnyvale, California 94086, and FREDERIC 
S. DAWN, National Aeronautics and Space Administration, Lyndon B. Johnson 
Space Center, Houston, Texas 77058. 

INTRODUCTION 

Textile finishes based on fluorocarbons have been developed 
1 2 

and introduced coiimercially. ’ Most of these fluorocarbon type finishes 
are applikid from aqueous or organic solvent systems, although impregnation 
or presoaking of textiles in the liquid fluoromonomer or its solution for 
radiation or glow discharge grafting h4ve also been reported. 

This work describes a one step photochemical process to 
impart fluorocarbon finishes to fibrous structures in which the fibrous 
substrate is in contact with a gaseous mixture of fluoroolefins in an 
inert diluent gas. 



RESULTS AND DISCUSSION 


The onso oF liiipm'tlng fluorocnrbon grafts to aromatic 
polyamide under photolysis was previously reported to upgrade nonflaiwiablUty 
properties In an oxygen-enriched environment (e.g., 31/69 Os/Nr at 10 psia) 
and acid rosi stance. This work has scaled up the photoproccss with capacity 
to treat ton yards of coiimiercial wldtl) aromatic polyamide (Nomex }!T-10-41» 
Woven fabrlc^natural color) witliout the apparent change of coloration or 
physical properties. 

We found that gaseous inedin cotiiprislng nent bromotrlfluoro- 
etliylene to equal ittoln ratio of mixed tetrafluoroetliylene and broinotrl- 
fluoroethylene in 951S nitrogen provided fluorocarbon grafts to impart 
self-extinguisjiing properties by vertical flammability tost^ in an oxygen- 
cni'iched environment; while the imtroatod Nomex fabric burned under the 
same environment. The treated Nomex fabric also became water-nonwettablo, 
soft and silky with improved odd resistance witl\out the apparent change of 
CQlov'ation and tlie desirable physical properties. The treated Nomex fabric 
was tested by skin patch tost and found to be nonirritant and nonallergenic. 

Applications of this photocljemicnl technique of Imparting 
fluoroca)‘bon finishes to other types of textile materials are in progress. 
Generally, the reaction temperature is between ambient to ?,50°C depending 
on the low to high temperntui'o properties of the fibrous products and 
their exposure times. 


EXPERIMENTAL 
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Arojnatic polyamide {Nomex IIT-10-41, woven fabric, natural 
color) was purchased from Stern and Stern Textiles. Tetrafluoroethylene 
and bromotri fluoroethylene v^ere obtained from PCR and nitrogen (99.999^), 
special gas mixtures (e.g., 31/69 and 27/73 0i/N2) and fluorotrichloro- 
me thane from Hatheson Gas. The fabric and reagents were used as recieved. 
The vapors of fluoroolefins were checked by infrared analysis. 

Figure 1 shows the tvw views of the photoprocessor. It 
comprises a cylindrical vacuum-assisted aluminum vessel chamber (28.5 cm 
id and 122 cm.length) containing a quartz sleeve, where the ultraviolet, 
lamp is shielded by a quartz cooling jacket. The ultraviolet source has 
an output of about 200 watts per inch. The photoprocessor has the capacity 
of treating ten yards commercial width fabric by a continuous batch process. 
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APPENDIX C 


PROPOSED PATENT DISCLOSURE 

(Contract NAS9- 14827) 

"Process and Processor for Producing 
Fluorocarbon Finishes to Fibrous Structures" 


•PATENT DISCLOSURE 


Title: Process and Processor for Producing Fluorocarbon Finishes to 
Fibrous Structures. 

Inventors: Madeline S. Toy, Roger S. Stringhaiii and Lawrence C. Fogg 

Science Applications, Incorporated 
1257 Tasman Drive 
Sunnyvale', CA 94086 

Abstract of Disclosure 

A process and a processor for producing fluorocarbon 
finishes to fibrous structures In which a fibrous substrate Is in contact 
with a gaseous medium comprising a minor amount of fluoroolefin or fluoro- 
olefin mixtures In an Inert diluent In the presence of ultraviolet light. 


The Invention described herein was made 1n the performance 
of work under NASA Contract NAS9-14827 at Science Applications, Inc., 

1257 Tasman Drive, Sunnyvale, CA 94086. 

This invention relates to a photochemical process and 
processor providing fluorocarbon grafts to fibrous substrates. More 
particularlyPthe Invention relates to a new type of photografting process 
of textile materials to impart chemically bonded fluorooarbon finishes and 
the method and the processor for producing the same. 

Prior to herein invent1"n, textile finishes based on 
fluorocarbons have been developed and introduced ^iimerci ally, but these 
fluorocarbon type finishes are usually applied f^;t)in aqueous or organic 
solvent systems. 



The objective of this invention is to produce fluorocarbon 
finishes to fib»*ous structures in one-step under dry conditions without the 
need of drying or curing the treated products. and which have no chemical 
by-products to be washed out of the finished products. 

Another 'Object of this invention is to impart fluorocarbon 
finishes to coninercial woven fabrics to improve nonflammability and chemical 
resistance without 'the changing of physical properties or causing skin 
irritancy and allergenicity. 

Still (pnother object of thiSr^nvention is to upgrade water 
repellency, soiling., staining and’ abrasive resistances to fibrous products 
without altering appearance or stiffening of the treated products. 

The above and other objects of this invention are accomplished 
by a one-step fluorccarbon-grafting process of the fibrous products in the 
presence of fluoroolefins, a diluent inert gas and ultraviolet light. The 
photografting processor comprises a cylindrical vacuum-assisted aluminum 
vessel chamber containing a quartz sleeve, where the ultraviolet lamp 
ijUi rounded with a quartz cooling jacket is centered. The ultraviolet source 
has an output of about 900Q to 10,000 watts at 200 v/atts per inch. 

The fluorocarbon-grafting process irreversibly modifies the 
fibrous product surface and upgrades its nonflammability, water repellency, 
chemical inertness, soiling,, staining and abrasive resistances properties. 

In addition, the fabric becomes soft and silky. Generally the reaction 
temperature is between ambient to 250°C depending on the low to high 
temperature properties of the fibrous products and their exposure times. 

One example of the gaseous media for photografting fluorocarbon 
finishes to fibrous substrates such as polyesters, polyamides, polyimides, 
cottons, wools, polyester-cotton blends and polyester-wool blends consist 
of 1!? tetrafl uoroethylene and 4iS broiiiotrifluoroethylene in the presence of 
95X of nitrogen. 
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Claims: 

1. A method and processor for producing fluorocarbon finishes to fibrous 
structures in which a fibrous substrate is in contact with a gaseous 
medium containing fluoroolefins and an inert diluent under photolysis. 

2. The method of Claim 1 wherein said fibrous structure comprising 
textiles and textile fibers. 

3. The method of Claim 1 wherein said fibrous structure comprising 
natural and synthetic organic fibers and mixed blends such as cottons, 
polyesters, polyamides, polyimides, cotton-polyester blends, wool- 
polyester blends and etc. 

4. The method of Claim 1 wherein the processor consists of a quartz sleeve, 
which forms the inner wall of a, cylindrical vacuum assisted aluminum 
reactor chamber. 

5. The method of Claim 1 wherein the processor uses ultraviolet lamp 
surrounded with a quartz cooling jacket, which are placed inside the 
quartz sleeve of Claim 4. 


